A simultaneous determination method of trace amounts of perfluorinated compounds, such as perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) in packaging materials and textiles, has been developed, using pressurized liquid extraction (PLE) with gas chromatography-mass spectrometry (GC/MS). The perfluorinated compounds were primarily extracted from the samples by a PLE procedure, in which the parameters were optimized by response surface methodology. The solvent was then removed by blowing nitrogen and a silylation step was carried out with N,N-bis(trimethylsilyl)trifluoroacetamide. The silylated compounds were identified and quantified by GC/MS. The proposed method was applied to determine the PFOA and PFOS in polytetrafluoroethylene packaging materials and textiles, where the detection limits of the two compounds were 1.6 and 13.9 ng mL -1 , respectively. The results showed that the concentrations of PFOA and PFOS in the packaging materials and textiles ranged from 17.5 to 45.9 and 33.7 to 81.3 ng g -1 , respectively.
Introduction
Perfluorinated compounds (PFCs) are widespread environmental contaminants. Their abilities to repel both water and oil, together with their chemical and thermal stabilities, have made PFCs very useful in many commercial applications. They have been employed as surfactants and surface protectors for paper, food containers, leather, carpets, upholstery and fabric et al. 1 The widespread applications, environmental persistence and bioaccumulative potential of PFCs have resulted in a global occurrence of these substances in air, 2, 3 water, 4-7 sediment and sludge, 8 as well as various wildlife species inhabiting not only locations in close proximity to pollution sources, but also in remote areas. 9 Among the PFCs, PFOA and PFOS are regarded as being the terminal degradation end-products, and are the two chemicals that have frequently been detected in environmental samples, and often occur at high concentrations.
Studies have shown that PFOA and PFOS have potential toxicity to cause liver cancer, affect the lipid metabolism and disturb the immunity system of living things. [10] [11] [12] PFOA and PFOS in the environment, such as water, air and soil, were regarded as potential hazards to human health.
In recent years, there have been many studies focusing on the environment pollution and analysis of PFOA and PFOS. 13 For example, Zhao et al. determined perfluorinated compounds in wastewater and river-water samples by LC/MS. 14 Dauwe et al. demonstrated PFOS levels in the blood and liver of a small insectivorous songbird. 15 Powley found polyfluorinated chemicals in the Arctic Circle. 16 It is obvious that PFOA and PFOS are widespread in our environment, and have become a potential threat for human health. However, the determination of PFOA and PFOS in packaging materials and textiles has seldom been reported. Different from environmental samples, packaging materials, especially foodstuff packaging materials, come directly into contact with food, so it is of great significance to accurately determine the PFOA and PFOS at trace levels in foodstuff packaging materials.
For the quantitative and qualitative analysis of these compounds, LC/MS has been the predominant method. [17] [18] [19] However, suitable determinations of those chemicals in packaging materials and textiles by GC/MS have seldom been reported. Since the price of LC/MS is much higher than that of GC/MS, it is necessary to develop an applicable method to determine trace levels of PFOA and PFOS in downstream products and environmental media in developing countries.
In the present work, an effective and simple pretreatment method to enhance the volatility of PFOA and PFOS and a test method of GC/MS were developed. The experimental results showed that the developed method could be satisfactorily used to monitor PFOA and PFOS concentrations in packaging materials and textiles.
Experimental

Reagents and chemicals
PFOS (98%, w/w) was purchased from Tokyo Kasei Kogyo Co., Ltd., (Tokyo Japan) and PFOA (96%, w/w) was purchased (Yinchuan China). Both of the packaging materials and the textiles were purchased from the local market. All of the water used in the experiments was ultra pure.
Apparatus and software
All chromatographic measurements were performed with an Agilent system comprised of a 6890 gas chromatograph fitted with an Agilent 7683 autosampler, a split-splittless injector for capillary columns and a 5973N mass spectrometer (Agilent Technology, USA).
Autotune was carried out with perfluorotributylamine to enhance the sensitivity of GC/MS, and a complete spectrum mode (SCAN) was applied to ascertain the peak of the target component; selected ion monitoring (SIM) modes were applied to determine the trace level of PFOA and PFOS in packaging materials and textiles. The optimized analytical conditions for PFOA and PFOS by GC/MS are given in Table 1 .
Chemstation software (Rev.D.00.01, Agilent Technology, USA) designed for a 5973N mass selective detector was used for data acquisition, and Minitab software (Rev15, TechMax Information Technology Co., Ltd.) was used to perform regression analysis.
Sample treatment
PTFE packaging materials and textiles samples were cut into approximately 1 cm 2 by scissors. The amount of PTFE and textiles used in each extraction was about 5 g, and the sample was placed into a 33 mL extraction cell (with a padding plate at the bottom); sand was filled to reduce the dead volume, and thus to minimize the solvent dosage.
Pressurized liquid extraction
A pressurized liquid extractor (fast PLE, Applied Separation, USA) with a solvent controller was used in all extractions. 20, 21 The conditions selected for PLE are listed below: temperature, 100˚C; extraction time, 16 min; pressure, 100 bar; cell volume, 33 mL; static mode, 2 cycles; flush volume, 100% and purge time, 120 s. After extraction, extracts were blown to dry by nitrogen gas.
Silylation procedure
To vials containing the dry residues and the internal standard, 1.0 mL of BSTFA was added; the vials were then shaken thoroughly for 1 min using a vortex system. The derivatization reaction was performed at 40˚C in a water bath for 60 min. At this point, the derivatives were allowed to cool to room temperature and diluted to proper concentrations with the solvent of CH2Cl2. The samples were then subjected to GC/MS analysis. The compounds were demonstrated to be stable within 2 d.
GC/MS analysis
The instrumental parameters are listed in Table 1 . Samples were introduced into the GC/MS system by an auto sampler.
Results and Discussion
Derivatization and GC/MS analysis of PFOA and PFOS
The nonvolatility presented by PFOA and PFOS make them unsuitable for direct detection by GC/MS. In order to improve the volatility, sensitivity and performance of the chromatographic response of the two compounds, a previous derivatization step is necessary. 22 Silylation is a suitable procedure for alcohols, phenols and other organic acids, and BSTFA is often used as a derivatization reagent. Figure 1 shows the total ion current spectrum of silylated perfluorinated compounds and the internal standard under the conditions described in Apparatus and software in the SCAN mode.
There are 7 peaks in the total ion current spectrum, where peaks 1 and 2 with retention times of 1.04 and 1.38 min, respectively, are the impurities in the silylation reagent, and were demonstrated to be (CH3)3SiCl and (CH3)3SiOSi(CH3)3 by MS. Peaks 5 and 7, of which the retention times are 3.56 and 7.17 min, are silylated PFOA and PFOS, respectively, and peak 6 is the internal standard, which is retained at 5.21 min. Peaks 3 and 4 are a byproduct and the solvent after silylation, respectively. The mass spectra of silylated PFOA and silylated PFOS obtained in the scan mode are shown in Fig. 2 .
Silylated PFOA shows the molecular ion peak of m/z 485 corresponding to the base peak at m/z 77, and the other main peaks include m/z 69, 73, 119, 319, 369, and 471, while silylated PFOS shows a molecular ion peak at m/z 571, corresponding to the base peak at m/z 77; the other main peaks are m/z 69, 73, According to the ion fragments, the rupture mechanism of silylated PFOA and silylated PFOS in MS is described in Fig. 3 . For the internal standard sylilated PFDA, the ions used were m/z 77, 69, 119, 169, 219, 319, 369, and 419.
As the data show above, the ion fragments of m/z 119, 169, and 219 were selected for the determination of PFOA and PFOS in the SIM mode.
Pressurized liquid extraction procedure
When the extraction procedure is performed, the most important factors influencing the extraction efficiency are the temperature and the pressure, while the extraction temperature and the pressure are related to each other. In this paper, these variables were optimized by a response surface methodology. In Table 2 , the 5 levels of each parameter were set, and a twofactor central composite face-central experimental design was applied to obtain the maximum response. A kind of PTFE packaging material (1 mm thickness) was used to optimize the PLE conditions.
Minitab software was used to perform regression analysis and the regress equations of PFOA and PFOS were available, as follows: Figs. 4 and 5 , repectively. The response increases as the extraction temperature and pressure increase, and reaches a maximum at 108˚C and 86 bar for PFOA, and 114˚C and 85 bar for PFOS. This is because in PLE, an increase in the extraction temperature resulted in faster desorption of the analytes from the matrix adsorbent sites as transportation of analytes from remote places in the matrix to the bulk of the organic solvent in the extraction cell increased. The analyte solubility in the solvent was also improved at higher temperatures. 23 The reason why the extraction efficiency decreases at high temperature (above 120˚C) is unclear.
Derivatization procedure
The silylation step was carried out before GC/MS. The effect of the temperature and the time on the silylation was investigated. After an autosampler vial was filled with extract samples and the internal standard, a volume of 1.0 mL of BSTFA was added, and then put a vial in a water bath, of which the temperature was set from 20 to 70˚C, and kept for 60 min. The results show that when the temperature was below 40˚C, the MS response of the silylation standard increased as the temperature rose. However, when the temperature reached beyond 40˚C, the MS response did not increase, and was likely to be constant. Thus, 40˚C was taken as the optimum temperature. The influence of time in the derivatization procedure was studied over the range from 15 to 120 min (Fig. 6) . The derivatization efficiency of PFOA and PFOS was shown to be constant after 60 min. Therefore, compound derivatization was carried out at 40˚C and lasted for 60 min.
Analytical performance
The calibration curves were established according to the PLE procedure and the GC/MS conditions mentioned above. Quantitative parameters, such as the linear range, correlation coefficient, detection limit and relative standard deviation (RSD), were evaluated. The results are given in Table 3 .
The recoveries of the PFOA and PFOS were assessed by adding known amounts of PFCs to the packaging materials and the textile samples, of which the initial concentrations of the analytes already present in the samples, and the results are given in Table 4 . The spiked samples were extracted and quantified using PFDA as an internal standard.
Determination of PFOA and PFOS in PTFE packaging materials and textile samples
The established method was applied to determine PFOA and PFOS in PTFE packaging materials and textiles samples purchased from the market. The concentrations and RSD (%, n = 3) obtained for the target compounds are listed in Table 5 . Both PFOA and PFOS were detected in all five samples. A chromatogram of the extract obtained from the textile samples is shown in Fig. 7 . The concentration of PFOA ranged from 17.5 to 45.9 ng g -1 and that of PFOS from 33.7 to 81.3 ng g -1 .
Conclusion
The simultaneous determination of trace amounts of PFOA and PFOS in packaging materials and textiles using GC/MS was developed in this study. To obtain good volatility, sensitivity and GC performance, the PLE procedure was carried out and the operation parameters of PLE were optimized by response surface methodology. Before the GC/MS analysis the obtained extract was derived by BSTFA.
Analyses of PFOA and PFOS in three kinds of packaging materials and two kinds of textiles in the market were performed, and the results show that the concentrations of PFOA and PFOS ranged from 17.5 to 45.9 ng g -1 and 33.7 to 81.3 ng g -1 , respectively. 
